Supplementary Investigation 2

Population Changes: A Model

(Chapter 2 Populations)

Just as biologists use physical tools such as microscopes to extend their own powers of observation, they also use mental tools to extend their thinking. One such mental tool is called a model. Here the word does not mean an object, but rather something constructed in the mind. A mental model simplifies a complex real situation so it can be understood more easily. Because a model is a simplification, it differs in some respects from the real situation. To simplify a situation, scientists make assumptions. That is, for the model they assume certain things that may not be entirely true in the real situation. In using a model, it is important to keep the assumptions in mind.

If a specific model gives results similar to observations made in some real situation, we assume tentatively that the real situation works in the same way the model does. This assum tion may be incorrect; a different model also might give results that fit the real situation.

Materials (per team of 3)

4 sheets of arithmetic graph

1 sheet of semilgarithmic graph paper

paper calculator (optional student equipment)

Procedure

1. Begin with real organisms—house sparrows (see Figure 2.1). For the model, start with a hypothetical (imaginary) population of house sparrows. In the spring of 1990, there were 10 sparrows (5 males and 5 females) living on an isolated island. Assume that:

1. Every breeding season (spring), each pair of sparrows produces 10 offspring, always 5 males and 5 females.

2. Each year, before the next spring, all the breeding (parent) birds die.

3. Each year all offspring live through the next breeding season. (In most real situations some parents would live and some offspring would die. Taken together, however,

Assumptions 2 and 3 balance each other to imitate the real situation.)

4. During the study, no other sparrows arrive on the island, and none leave it.

2. To use the model, calculate the size of the hypothetical population at the beginning of each breeding season. According to Assumption 1, in the spring of 1990 there are 5 pairs of birds. Each of the 5 pairs produces 10 offspirng, a total of 50 (25 males and 25 females). According to Assumption 2, the 10 breeding birds of 1990 die before the next spring. According to Assumption 3, all 50 offspring live to the spring of 1991. Thus, at the start of the 1991 breeding season, there are 25 pairs of house sparrows on the island. Using these assumptions, calculate the island’s sparrow population at the beginning of the breeding season each year through 1999.

3. You now have a series of numbers. To get a clearer idea of the population change, plot the numbers on a line graph. Show the years along the horizontal axis and the number of birds along the vertical axis. Be sure to make the vertical scale large enough to show the 1999 population. Plot the 10 generations. (This is an arithmetic graph.)
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4. Now plot your data using another tool—semi-logarithmic (usually called semilog) graph paper. you do not need to under stand fully the mathematics of logarithms to use this tool. Your teacher will explain what you need to know to plot the data.


Discussion


1. Look first at the arithmetic graph. I-low does the slope of the line change as you read from left to right (from year to year)?

2. What does this mean in terms of rate of population change?

3. Now compare the graphs. What advantage(s) does the semilog graph have over the arithmetic graph for plotting population growth data?

4. What type of line shows the same thing on the semilog graph?

5. If you continued using the same assumptions to calculate populations for an indefinite number of years and plotted them on a graph, what would happen to the slope of the line on the arithmetic graph?

6. On the semilog graph?

7. In one or two sentences, summarize the change that is supported by the assumptions stated in the model.

8. Do you think any real population might change in this way? Why or why not?

For Further Investigation

Sometimes a model gives results that are very different from any observed situation. To make the model more useful, you can change one or two of the assumptions and compare the new results with reality. The closer the results of a model are to the observed situation, the more useful the model is. Use the six assumptions that follow to modify the model given in Step 1. Calculate the populations for each modification, graph the results on semilog graph paper, and label each result. Compare the results with your original graphs and describe how the change of assumptions has affected the hypothetical population.

1. Assume that each year 40% of all breeding birds survive to the next spring.

2. Assume that each year only 60% of all offspring live through the next breeding season.

3. Assume that each year during the study ID sparrows immigrate to the island but none leave.

4. Assume that each year during the study no birds arrive on the island but 40 birds leave the island.

5. Assume that each year 20% of all breeding birds survive to the next spring but only 40% of all offspring live through the next breeding season.

6. Assume that each year 10% of all breeding birds survive to the next spring but only 20% of all offspring live through the next breeding season.

Additional Further Investigation

Design your own assumptions, write a program (or use an existing program) to calculate the population changes, run the program, and show the output and graphed data from the output.

Teacher’s Notes

Materials (per class of 30, teams of 3)

40 sheets of arithmetic graph paper

10 sheets of semilog graph paper

.
.
.
.

This investigation of a hypothetical population provides a basis for comparing the real populations encountered in Investigation 2.1 (a closed population with a fixed food supply and no provision for elimination of wastes) and Supplementary Investigation 3 (open, natural populations). It also continues an important aspect of biology begun in Chapter 1—acquainting students with scientific methodology.

If computers are available, encourage students to write a simple program (or use an existing one) to do the calculations. Using computers makes it easy for students to change assumptions and to test each change. Do not be concerned about the computer “doing the work” in such cases; a student who writes even a simple program must think through the problem carefully and saves only the drudgery of calculating the answer for each generation. Teams of 3 allow for small group interaction.

Time: One class period. An additional period is recommended to work through the assumptions in For Further Investigation.

10 calculators (optional student equipment)

Preparations

Semilog graph paper is logarithmic on one axis and is regularly spaced on the other. Paper satisfactory for this exercise can be produced on school duplicators.

Some students may need help getting started. Suggest they make a flow chart or diagram of each generation. Other students with a flair for math may see that a generation can be represented as 5n breeding pairs with n being the generation number. By this logic the first generation is 51 pairs, or 10 sparrows; the second generation is 52 pairs, or 25 sparrows; and so on. Try to help each student find an appropriate way of extrapolating data from the assumptions.

Whatever scales students choose for the vertical axis, the values of the intervals must be equal. it is not necessary to become deeply involved in mathematics. Briefly develop the series 101 102, 103, 104 etc. Note that exponents correspond to the number of zeros in the series 10, 100, 1000, 10000 etc. Direct students to label the cycles on the semilog graph paper as units, tens, hundreds, and so on. Point out that each succeeding cycle represents a number 10 times greater than that represented by the preceding cycle. Link this idea with the fact that within each cycle the system of second-order subdivisions separates spaces of decreasing width. Then illustrate the plotting of points, using numbers different from those used in the investigation.

The model is the whole construct. It involves a hypothetical population. This term is used because the population concerns an “if/then” situation.

Discussion

1—2. Unhappily, many students with competence in making graphs do not know how to interpret them. Discuss the concept of slope. The relation of slope to rate is basic in the interpretation of graphs. Here, it is treated simply, because all slopes in the graphs are positive there seems to be no danger of confusing the students, you also may discuss the significance of zero slopes and negative slopes.

3. The principal advantage of semilog paper is that it permits the plotting of very large numbers in later generations while showing clearly the small increments in earlier generations. The straight line obtained on the semilog paper indicates a continuously accelerating growth rate. If it is known that a rate is of this type, the plotting of only two points establishes the slope. Extrapolation then is easy. With most classes, only the principal advantage need be stressed.

4. See 1—2.

5. With a continuance of the assumptions, the line of the ordinary graph would approach the vertical.

6. On the semilog graph, the line would continue on the same slope.

7. The main point is that growth is occurring at an accelerating rate.

8. This should be left completely open to argument. The ideas of limiting factors and the impossibility of an infinitely large population may occur to students. If not now, they will occur to them later.

For Further Investigation

These modifications are much closer to a real situation than is the original model. They show that a model is only as good as its assumptions are valid. They also show the effects of mobility on a population.

